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ABSTRACT: A double-layer rectangular patch microstrip antenna suitable for 
Bluetooth applications is investigated. The patch is etched on a separate 
substrate which is suspended above the ground plane and supported by an 
MCX connector. The air gap between the patch and the ground plane 
increases the impedance bandwidth and can be used to tune the resonant 
frequency. This paper presents experimental results on the effects of various 
parameters on the antenna characteristics and provides guidelines for the 
design of such an antenna.  
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1. INTRODUCTION 
Bluetooth technology is widely used for short range, low power, low cost 
wireless communication. Embedded Bluetooth capability is becoming 
common in devices like PDAs, cellular phones, notebook computers, digital 
cameras and LAN access points. The current design trend is to implement 
Bluetooth technology in small integrated circuits. Antennas used for Bluetooth 
applications therefore need to be small in order to be integrated with the 
system [1].  
 
The introduction of an air gap between the substrate layer and the ground 
plane of a microstrip antenna has the effect of tuning the resonant frequency, 
increasing the impedance bandwidth and reducing the antenna size [2]-[5]. 
However, the designs reported in the literature are generally not suitable for 
commercial implementation due to the unstable support of the substrate layer 
above the ground layer. The patch of the double-layer antenna shown in 
Figure 1 is located on a separate substrate, suspended above the ground 
plane and firmly supported by an MCX connector [1]. Changes in the 
dimensions and substrate properties of the antenna have varying effects on 
the performance of the antenna. Due to the small electrical size of the 
antenna, these effects cannot always be accurately predicted using 
commercial software packages [6]. This paper presents an experimental study 
of these effects, and provides design guidelines for such an antenna.  
 
 
 
2. ANTENNA DESIGN  
Figure 1 depicts the geometry of the double layer rectangular patch antenna. 
The radiating patch is printed on the upper surface of the top substrate. The 
ground plane is located on the top surface of the bottom substrate. A 
male/female pair of 50 Ω MCX V8830 connectors is used to feed the radiating 
patch and to provide physical support between the patch and the ground 
substrates. A square is printed on the bottom surface of the patch substrate 
for easy attachment of the MCX male connector. An external connection is 
provided via either a microstrip line or a conductor-back coplanar waveguide 
printed on the bottom surface of the ground layer. 
 
In order to achieve the best performance, optimization of the various 
dimensions of the patch and the ground can be performed using, for example, 
HFSS [6]. However, the analysis techniques used in commercial 
electromagnetic simulators often do not take into account the effect of each of 
the factors involved in the design process and the degree of interaction 
between them. For such a complicated 3D structure of a multilayer antenna, 
more comprehensive and sophisticated tools are necessary to account for 
complex phenomena such as coupling and fringing effects [7]. An approach 
called Design of Experiments (DOE) is proposed in [8] to identify the explicit 
effect of each of the factors involved in the design process and all the 
interactions between them. In this paper, suitable geometrical dimensions and 
substrate parameters are determined through a series of experiments and 
observing their effects on the antenna resonance.   
Patch length 
In the first set of experiments, the effect of patch length on the antenna 
impedance was examined. The successful design reported in [1] was 
repeated on the same FR4 substrate while varying the patch length. In [1], the 
patch length was calculated as λ/4, using a dipole analogy. Here 0 eff/     
is the wavelength associated with the multilayered substrate. The effective 
dielectric constant εeff is obtained using the conformal mapping method [9] as 
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Variables w1, h0 and h1 are defined in Figure 1, h = h0 + h1, εr2 is the dielectric 
constant of the patch substrate and εr1 = 1. 
 
By substituting the corresponding dimensions from [1], the patch length l1 is 
found to be 29.05mm. Antenna patches of lengths varying around the 
predicted patch length were fabricated. Figure 2 shows the measured 
impedance bandwidth. As expected, an increase in resonant frequency is 
observed for decreasing patch length. Antennas with a length from 28 mm to 
29.5 mm achieve very good resonance. Each of these patches displays an 
impedance bandwidth larger than 150 MHz. We may therefore conclude that 
a choice of patch length close to a quarter wavelength is most suitable, but 
minor adjustments can be made to tune the resonant frequency.  
 
Patch width (w1) 
The width of a rectangular microstrip antenna patch has a minor effect on the 
resonant frequency and radiation pattern, but affects the impedance 
bandwidth to a larger extent [10]. However, in this case, the chosen patch 
width of the 0.05λ0 places it right on what has been defined as the borderline 
between microstrip patches and microstrip dipole antennas [11]. A number of 
patches with widths increasing in 2 mm steps were fabricated to examine the 
effects on antenna impedance. The measured reflection coefficient is shown 
in Figure 3.  A smaller width is preferable, since it produces a wider 
impedance bandwidth. 
 
Substrate permittivity (εr2) 
Apart from the FR4 substrate used in [1], antenna patches of similar 
dimensions were also fabricated on other substrate materials. A patch length 
of 28.5 mm was chosen for all experiments. Figures 4(a) and 4(b) show the 
measured input reflection coefficient for various values of εr2. Patches etched 
on substrates with εr2 ranging from 2.2 to 6.15 all display strong resonance, 
whereas for cases with larger values of εr2, resonance is markedly weaker.   
Substrates with εr2 ranging from 2.4 to 3 seem to be best suited for this 
application, due to the strong resonance observed in that range. 
 
 
Substrate thickness (h1) 
The effect of the substrate thickness was also examined. Antennas were 
fabricated on FR4 substrate of thickness 0.8 mm and 1.6 mm. The patch 
length was set to 28 mm in both cases. Figure 5 shows the measured return 
loss for the two cases. The antenna fabricated on the thicker substrate 
demonstrates no resonance. It is obvious that the thickness of the patch 
substrate has a severe effect on the antenna resonance and that thicker 
substrates should be avoided.  
 
Substrate length (l0) 
Antennas were also fabricated on substrates of different lengths. The patch 
length was kept 29 mm in each design. Figure 6 reveals that the antenna 
impedance is largely independent of the substrate length. 
 
Substrate width (w0) 
The width of the patch substrate was varied. A patch length of 29 mm was 
used in all cases. From Figure 7, it is clear that a small variation in the 
substrate width does not have a significant effect on the antenna resonant 
frequency or the impedance bandwidth.  
 
Ground plane size 
The size of the ground plane can have a significant effect on the impedance 
bandwidth of a monopole antenna [12]. In this experiment, two ground planes 
were fabricated: one measuring 76×38 mm2 and another measuring 38×19 
mm2. Both ground planes were larger than the antenna patch. The measured 
results shown in Figure 8 demonstrate that the antenna’s impedance is not 
sensitive to the size of the ground plane, as long as the ground size is kept 
larger than the antenna patch. 
 
3. CONCLUSION 
For the design of an antenna with an operation bandwidth covering the 2.4 
GHz ISM band, a substrate material with dielectric constant ranging from 2.2 
to 6.15 should be used for the patch. The thickness of the chosen substrate 
should be kept to less than 1 mm to achieve reasonable resonance. The size 
of the substrate layer can be adjusted to provide sufficient space for attaching 
the connector, since the substrate width and length has little effect on the 
antenna impedance. The patch length should approximately be a quarter 
wavelength, while the patch width may be varied to fine-tune the impedance. 
A large ground plane size is not required, as long as it remains larger than the 
antenna patch. Although it was not verified experimentally, the choice of 
substrate material and thickness for the ground plane is not expected to have 
any significant effect on the antenna impedance.  
 
The antenna reported in [1] was designed following these guidelines. The 
usable bandwidth of this antenna covers the 2.4 GHz ISM band. It is compact, 
easy to manufacture and suitable for mass production. 
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Figure captions: 
Figure 1 Geometry of the antenna  
 
Figure 2 Impedance bandwidth versus frequency for different patch length  
 
Figure 3 Impedance bandwidth versus frequency for different patch width  
 
Figure 4 Impedance bandwidth versus frequency for different patch substrate 
materials 
 
Figure 5 Impedance bandwidth versus frequency for different patch substrate 
thickness 
 
Figure 6 Impedance bandwidth versus frequency for different patch substrate 
length 
 
Figure 7 Impedance bandwidth versus frequency for different patch substrate 
width 
 
Figure 8 Impedance bandwidth versus frequency for different ground plane 
sizes 
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